Abstract: Meteorites are fragments from solar system bodies, dominantly asteroids. A small fraction is derived from the Moon and from Mars. These rocks tell a rich history of the early solar system and range from solids little changed since the earliest phases of solid matter condensation in the solar nebula (chondrites) to material representing asteroidal metamorphism and melting, impact processes on the Moon and even aqueous alteration near the surface of Mars. Meteorites are very rare. Currently many meteorites result from searches in Antarctica and the hot deserts of North Africa and Arabia. The present high find rate likely represents a unique short-term event, asking for a careful management of this scarce scientific resource.
Introduction
Meteorites are solid objects >10 μm in size that have fallen onto planetary surfaces after arrival at escape velocity or higher (11.2 kms -1 in the case of the Earth). This definition based on ref. [1] includes meteorites found on the Moon and Mars, but excludes impact ejecta re-entering directly after ejection. Meteorites have long been met by scepticism or sheer disbelief until, around 1800, a series of observed falls (Siena, Italy 1794; Wold Cottage, England, 1795; L'Aigle, France 1803; Weston, Connecticut, 1807) and associated publications, most notably ref. [2] (summarized in ref. [3] ) convinced the scientific establishment and formed the start of the science of meteoritics. [4] It also quite quickly became clear that meteorites are not some kind of atmospheric phenomena or bombs from distant volcanoes, but true extraterrestrial material. Due to the rarity of meteorites, they rapidly became sought-after oddities incorporated into the natural science collections of Europe's kings and emperors -forming the basis of some of the large meteorite collections still existing in London, [5] Vienna, [6] Berlin [7] and Paris. [8] Early studies of meteorites demonstrated that most of them are texturally and compositionally different from specific terrestrial rocks, yet they mostly contain minerals familiar from Earth, but in unusual abundance and combination. Meteorites remained the only extraterrestrial samples available for scientific study until material was returned by the Apollo and Luna missions in the period from 1969-1976, yielding a total of 382 kg of lunar samples. Until today, only tiny amounts of cometary dust have been added to this collection of solar system solids returned by space missions.
Much of our understanding of the origin, constitution and age of the solar system is based on meteorite studies. Meteorites provide information on asteroids, Mars and the Moon: Chemical composition, mineralogy, age, collision and fragmentation history, pre-solar system history, aqueous alteration and isotopic heterogeneity are just a few examples of the information that can be obtained. The currently accepted age of the Earth was first calculated based on Pb-isotope systematics of the Cañon Diablo meteorite in 1953. [9] Information for all officially named meteorites is available from the Database of the Meteoritical Society. [10] 
Sources of Meteorites
Until about 1930, the only two sources of meteorites were observed falls and chance finds. Harvey H. Nininger (1887-1986) was the first person to start systematic searching for meteorites in the US by interrogating farmers. By 1940, half of all known meteorites were a result of his efforts. Still, the rate of new discoveries between 1900 and 1962 averaged only 15 per year. In 1969, the finding of a few meteorites by a Japanese field team in Antarctica marked the beginning of the exploration of the continent for meteorites by Japanese, US, Chinese and European teams. Discoveries in the Antarctic account for the largest number of meteorites. [11] The systematic search for meteorites in hot deserts started in Roosevelt Co, New Mexico [12] and in the Nullarbor Plain of Australia, [13, 14] later to be extended to the deserts of North Africa and Arabia. [13] Since 2000, Northwest Africa (NWA) has become the largest source of meteorites. Due to economic motivation, local inhabitants of northern African desert countries have successfully started to search for meteorites. Marketing is organized largely through channels long established for the trade of minerals and fossils in Morocco. This new and large source of meteorites has led to the discovery of a number of extremely rare and new meteorite types. Between 2000 and 2010, the average rate of new discoveries increased to 1700 per year (based on ref. [10] ), a more than 100-fold increase when compared with the first half of the 20th century. The drawback of this bounty is a near-complete lack of background information concerning find locations of NWA meteorites. Meteorites are typically named after their find location (or find region, for dense collection areas). Due to the impossibility to recognize pairings (meteorites belonging to a single fall event) based on find locations for undocumented meteorites, much scientific effort is wasted for multiple classifications of the same material going through different channels. The majority of ordinary chondrites are no longer classified. Thus it will never be possible to obtain proper statistics, such as abundance of certain meteorite types among the large number of NWA. Since 2001, meteorite searches are jointly conducted by Swiss and Omani geologists in the Sultanate of Oman with the aim to provide a well-documented collection of hot desert meteorites. [15, 16] 
Fall Phenomena and Arguments for a Solar System Origin
One of the main reasons for the fascination brought about by meteorites are the spectacular effects accompanying fall events. The observation of meteorite entry paths has shown that all meteorites are derived from orbits well within the inner part of our solar system, [17] mainly from the asteroid belt. Deceleration from pre-entry velocities of 11.2 to 72 kms -1 relative to Earth to terminal velocities of a few 100 ms -1 (depending upon size) occurs within a few seconds and leads to intense mechanical forces and frictional heating resulting in a partial or complete disruption and melting of the incoming meteoroids. Only meteorites that are larger than a certain minimum mass can survive atmospheric entry and fall to the ground. Fragmented meteorites form so-called meteorite showers resulting in strewnfields of typically elliptical shape that can extend for more than 50 km. The lack of any observed trajectories from the outer solar system or even from beyond demonstrates the derivation of meteorites from our immediate cosmic neighbourhood, the asteroids, and in rare cases, Moon and Mars. The frequency of fall events is estimated at ~80 fall events per 10 6 square kilometres (>10 g mass) per year, [18] corresponding to 3.3 falls per year on the surface of Switzerland (last observed fall: Utzenstorf 1928).
Types of Meteorites, Mineralogy and Parent Body Processes
The classification of meteorites (Table  1) , evolved from the description of a restricted number of meteorites, has proven to be not just descriptive, but based on true genetic relationships. Chondrites are meteorites built from materials, in still recognizable shape and composition, that predate the formation of large planetesimals. Some chondritic planetesimals underwent partial or complete melting, resulting in the formation of core, mantle and crust. Such differentiated materials constitute the nonchondritic part of the meteorites. Iron meteorites represent metallic core material. Mantle and crustal materials of different parent bodies form the achondrite group of meteorites. Parent body processes include metamorphism, melting and aqueous alteration. The most primitive meteorites, i.e. the ones closest to the composition of the solar nebula and the sun, are CI carbonaceous chondrites. Their composition is widely used as a reference to describe fractionation processes, e.g. in crustal and mantle rocks on Earth. The mineralogy of meteorites is broadly similar to that of terrestrial ultrabasic rocks (Table 2) . Only a few meteoritic minerals are unknown on Earth, most of which originate from extremely reducing environments.
Chondrites: Early Solar System History
Chondrites are the most common class of meteorites (Fig. 1) . Their name-giving constituents are the chondrules, spherical bodies typically 0.2 to 1 mm in diameter (Fig. 2) . They consist of partially recrystallized Mg,Fe-rich glass and are set in a finegrained matrix. Chondrites of the Ivunatype (CI) consist only of fine-grained serpentine matrix lacking chondrules. While the matrix of chondrites can be regarded as the most pristine leftover of the solar nebula, chondrules are drops of former silicate melt formed by melting of dust in the solar nebula. A third major constituent of many chondrites types is iron-nickel metal. After assembly to asteroids, chondritic material has undergone various levels of metamorphism ranging from weak recrystallization of glass to complete recrystallization and partial melting. 
Iron Meteorites: Asteroid Cores
Differentiation on planetoids in many cases led to complete melting and gravitative differentiation. Fe-Ni-metal present in precursor chondritic materials formed asteroid cores, fragments of which are the iron meteorites. Iron meteorites show a great variability expressed both in texture and composition. The large compositional variability, in terms of Ni and trace elements, [19] results from a combination of bulk oxidation state and effects of differential crystallization. Textures reflect exsolution processes during cooling, controlled by bulk Ni content resulting in variable amounts and textures of the iron phases kamacite and taenite.
Primitive Achondrites
Primitive achondrites represent chondritic parent bodies that have undergone extensive metamorphism resulting in recrystallization and partial melt extraction, but not in complete melting and differentiation as in the case of achondrites. The mineralogy is dominated by olivine and pyroxene. Carbon-phases are characteristic for the ureilites.
Asteroidal Achondrites
Differentiation processes on asteroids led to the development of three main groups of igneous rocks represented by HED meteorites (pyroxenites, gabbros and basalts, 934 known meteorites), aubrites (strongly reduced pyroxenites, 65 meteorites) and angrites (basalts, 17 meteorites). A general characteristic of these rocks is the low amount of metallic iron. The HED meteorites form a series consistent with the inferred composition of upper mantle and crust (including volcanic rocks) of a large asteroid and are likely derived from Vesta based on spectral (IR) characteristics.
Mars Meteorites
A group of achondrites has characteristics strongly indicating an origin from Mars, [20, 21] and almost certainly excluding another source. This clan, forming a homogeneous group in terms of oxygen isotope ratios, [22] consists of basalts to gabbros (shergottites), clinopyroxenites (nakhlites), dunites (chassignites) and a single orthopyroxenite. As of spring 2010, 90 Mars meteorites are known that can be assigned to about 55 different fall events; 22 are Antarctic and 62 are hot desert finds.
Lunar Meteorites
The first lunar meteorite was recognized among Antarctic finds after the first return of lunar samples. Since then the collection of lunar meteorites has grown considerably. Currently 130 lunar meteorites representing approximately 70 fall events are known. Twenty nine lunar meteorites are from Antarctica, the remainder are hot desert finds (including 56 from Oman). Lunar meteorites represent the same rock types as known from the Apollo and Luna missions: Anorthosites and Mare basalts. Impact melt breccias formed from these rock types are also represented. A special chemical signature on the Moon are rocks highly enriched in incompatible elements, including K, REE, P, U, Th, Zr, Ba, a geochemical affinity termed KREEP, representing the residual liquid material in the solidifying lunar magma ocean. The meteorite SaU 169 from Oman represents one of the most KREEP-rich lithologies (Fig.  3) . [23, 24] 
The Role of Redox Chemistry on Meteorite Compositions
Iron is the most important redox-active element in meteorites with an average concentration of 18.2 wt.% in CI chondrites. The common minerals in meteorites (pyroxenes, olivine) can incorporate iron. The oxidation state of iron is critical in determining mineral compositions. In the highly reduced enstatite chondrites, essentially all iron is present as metal, resulting in Fe-free silicates. A high degree of oxidation results in Fe-rich silicates, for example in the Rumuruti-type chondrites. The degree of oxidation of meteorite parent bodies is likely correlated with the former abundance of water, increasing with distance to the sun. Water-poor bodies remained reduced, while iron metal on water-rich bodies was oxidized by H 2 O and the resulting ferrous iron was incorporated into silicates.
Impacts and their Products
Impact processes are the only geological processes on asteroids and also are dominant on Mars and Moon. Not surprisingly, impact processes are of prime importance in the understanding of meteorites: Many meteorites are impact-altered rocks (breccias, melt-rich breccias, shocked rocks), often containing shock-produced high-pressure phases. [25] In principle the same impact effects that can be observed in meteorites are found in terrestrial rocks affected by the impact of large, crater-forming meteorites. Hypervelocity impacts lead to crater-forming explosions resulting in a near complete destruction of meteorites. Only in and near relatively small craters remnants of the impactor are found, often probably detached prior to impact.
Meteorites and Astrobiology
Without meteorites, the study of the origin, distribution and future of life in the Universe (astrobiology) would lack one of its important sources of information. The role of meteorites is in two major areas in this context: i) Study of pre-biotic chemistry, as represented by organic compounds in carbonaceous meteorites and interplanetary dust particles and ii) Mars meteorites, representing rocks from the planet in the solar system with the highest potential, apart from Earth, for extinct or extant life.
Organic compounds in meteorites are present in carbonaceous chondrites, some types of which contain up to 2% organically bound C. Numerous studies of observed falls of carbonaceous chondrites have demonstrated the presence of hundreds of organic compounds. [26] These studies provided proof that organic synthesis on asteroids proceeded about as far as in the laboratory. [27] Mars meteorites still are and will remain for a decade or more the only handson samples from the red planet. They are an excellent source, therefore, for information linking data from Mars missions with real rocks. Some Mars meteorites contain unambiguous evidence of pre-terrestrial low-temperature aqueous alteration, [28] and it is a logical step to search for traces of possible Mars life in such meteorites. The limited success of 15 years of such studies, mainly concentrating on Mars orthopyroxenite ALH 84001 [29, 30] may appear frustrating, as no generally accepted evidence of life has been found. However, such studies are a key for learning how to unravel the signatures of life.
Weathering of Meteorites
Freshly fallen meteorites mainly consist of minerals that are not in equilibrium with the Earth's oxidizing atmosphere and water. Weathering starts soon after arrival on Earth: ordinary chondrites often show macroscopic stainings of Fe-hydroxides after just a few days or weeks. The most susceptible phases are iron metal and phyllosilicates in carbonaceous chondrites. In Antarctica, weathering is very slow with some meteorites surviving more than 2 Ma. [31] In hot desert environments, most meteorites have terrestrial ages of a few 10'000 years. [32] Metal is completely weathered within less than 20'000 years while troilite is more resistant but generally completely weathered in the oldest meteorites with terrestrial ages >30'000 years. [16] In all meteorites observed during studies in Oman, the weathering of olivine is relatively modest. Typically, weathered desert meteorites consist of a mixture of extraterrestrial minerals (olivine, pyroxene, plagioclase, chromite) and terrestrial oxidation products (mainly maghemite, magnetite, Fe-hydroxides and clay minerals). The texture typically remains well preserved. Chromite is the only extraterrestrial mineral retained in fossil meteorites from Ordovician sediments from Sweden. [33] 
The Potential of Meteorite Studies
Meteorites have already provided a wealth of information about the early conditions and evolution of the solar system. Yet a very large potential remains, and future discoveries will be made due to the ongoing development of analytical techniques, the discovery of new meteorites and the advent of new ideas. Well-documented collections of meteorites form the basis of any such research. The development of a balance between good documentation and economic exploitation of meteorite search areas, including diligent management by the authorities involved, should be an important issue for the future. 
